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Abstract 
Understanding the physical trapping mechanisms is important to design successful CO2 storage projects. The CO2 
displacement processes have been investigated extensively by numerical modeling and laboratory experiments. We 
review the recent research results of physical capture mechanism in CO2-brine system with representative approaches 
in aquifers. Physical capture of CO2 in brine aquifers is commonly divided into two categories: the stratigraphic and 
structural trapping as well as the capillary trapping. Considering the former, the review has identified the lithology 
and the stress state within the caprock for CO2 capture. Saturation, interfacial tension, flow rate, gravity, viscous and 
wettability in the capillary trapping system are also covered. 
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1. Introduction 
Saline aquifers have been used for CO2 geological storage for large potential capacity as candidate 
formations. Considering the the physical trapping process, the major mechanis ms of CO2 in saline 
aquifers mainly conclude the stratigraphic and structural trapping as well as capillary  trapping. Though 
the combined effect at a time may be caused by several ways listed above, the dominant mechanism for 
storage is changing with d ifferent time scales. Thus to conclude the recent research results about CO2-
brine system, this paper mainly focus on different interaction factors lead ing to changes in the physical 
trapping which affect the capture efficiencies at early injection times. 
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2. Stratigraphic and structural trapping 
After the CO2 is injected into the brine layer, this mechanism initially plays a lead ing role under a low-
permeability caprock. Closed trap structure in sedimentary basins can stop infiltration. Faults act as 
permeability barriers in  some circumstances and as preferential pathways for fluid  flow in  other 
circumstances. So the Caprock rupture or the activation o f the chasm should be avoided in case of the 
leakage of CO2. In this part the lithology and the stress state within the caprock are thoroughly discussed. 
From the perspective of lithology, a  stiffer aquifer restricts deformation of the caprock, and the risk 
reduces. Rock-flu id interaction could lead to increasing clay volume and porosity and permeability 
changes[1].This possibly causes self-sealing of caprock fractures. In the case of montmorillonite, the 
swelling and shrinkage extent depend on both water and CO2 intercalat ion and dynamically on the degree 
of water saturation in the supercritical CO2 (scCO2). These processes are controlled by the amount of 
water d issolved in the scCO2 for increasing concentrations of intercalated water lead to decreasing 
concentrations of intercalated CO2[2].Considering caprock samples with CO2 in the presence of water or 
under dry conditions, the saponite physically isolate CO2 whereas the Mg-smectite will still exchange 
cations due to carbonic acid attack, producing the precipitation of dolomite and avoid the progressive 
destruction of the caprock. Similar progresses exist partially  destroying the smectite and illite  as common 
clay sample. However, kaolin doesn’t physically absorb CO2 or induce any chemical reaction[3]. 
Initial stress state controls the plastic strain propagation pattern. If horizontal stress is lower than 
vertical stress, plastic strain may propagate through the entire thickness of the caprock. Otherwise plastic 
strain concentrates in the contact between the aquifer and the caprock, which may brea k the caprock 
capillary barrier[4].Hydromechanical changes are largest in the lower zone of the caprock, presenting the 
greatest risk of CO2 leakage, part icularly in  the early stages of injection[5].The effective stress state of 
caprock close to injection  well could  become critical for shear failu re in early  stages of the in jection. The 
buildup of gas pressure in the aquifer causes volumetric deformat ion of the aquifer and bending 
deformation of the caprock, inducing an increase in shear stress in the caprock. Upper part of caprock 
undergoes horizontal extension, which produces vertical compression. This may cause settlement instead 
of uplift in low-permeability caprocks (kİ10-18m2) at early times of injection[4].  
The stresses are also affected by the interaction of injection rate and the pressure. At a constant 
injection rate the reduction of CO2 injection pressure lead to a lower increase in flu id pressure in the 
caprock[5], while higher injection rates and lower permeability of the aquifer enhance the risk of losing 
caprock integrity. The variation of fluid pressure and the injection rate are linearly correlated and the 
coefficient of variation of stresses and displacements  were nearly linearly dependent on injection rate. 
Injection rate fluctuations decrease the maximum sustainable in jection  pressure which can  be 
quantitatively determined at given expected risk when the injection rate fluctuations are considered[6]. 
Temperature changes induce the stress fluctuations. The CO2 temperature at the well bottom remains 
noticeably lower than the ambient temperature o f the reservoir.  Cold CO2 in jection causes significant 
thermal stresses around the injection well, bringing fracture risk[7].Fractures propagated in the vertical 
direction will serve as paths for CO2 leakage. When CO2 is injected at temperature 40-50ºC the stresses 
near the injection well become tensile and even overcome the tensile strength , inducing fracturing of the 
caprock, while when the temperature rise to 90ºC at the same rate the stresses remain compressive[8]. 
3. Capillary trapping 
The saline aquifer to be used for geological storage of CO2 generally have a certain amount of pore 
space, and CO2 displace the brine in these pore space by capillary fo rce. Th is storage method is defined as 
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capillary trapping. In this part we mainly discuss the saturation, interfacial tension, flow rate, gravity, 
viscous and wettability about the capillary trapping within the CO2-brine system. 
In general, the amount of CO2 trapped by capillary force is controlled by the h ighest CO2 saturation 
achieved during drainage and local capillary entry pressure that immobilizes CO2 during imbib ition. For a 
given init ial brine saturations, the trapped scCO2 saturation was less than that of gaseous CO2(gCO2) in 
the same sample[ 9 ].Lower init ial CO2 saturations usually lead to lower maximum residual 
saturations[10].About 49 to 83% of the init ial CO2 saturation can be stored through capillary  trapping and  
the efficiency, the ratio of residual CO2 saturation to initial CO2 saturation, was higher at lower init ial 
CO2 saturations[9].Meanwhile, higher residual saturation is associated with  permeability decreases. 
Additionally, temperature variation is independent of the residual saturation[11]. 
Capillary force increase required to obtain equivalent fluid saturations at higher interfacial tensions 
(IFT) and lower contact angles. The lower CO2-brine residual saturation could be attributed to the lower 
CO2-brine IFT and associated changes in contact angle[10].Besides, lower temperature induces a higher 
contact angle and the IFT decreases due to a higher CO2 solubility into the brine. Thus for the same 
saturation, capillary force are consistently lower at lower temperature [12]. 
Increasing porosity lead to residual saturation decreases, with no apparent difference in magnitude 
between the carbonates and sandstones at a given porosity. Residual saturation broadly increases with 
increasing pore body-throat aspect ratio and decreases with increasing pore coordination number, while 
both of which only represent that of larger pores and throats. In particular, the  residual saturation at a 
given porosity appears to be independent of the fractional volume comprised by microporosity[13]. 
Increased trapping could be accomplished by injecting CO2 at a state where the lowest viscosity is 
achieved and/or at the lowest injection flow rate. CO2 saturation increases with increasing injection flow 
rate and high injection rates lead to capillary force increases. When injection rates are large enough 
(viscous-dominated reg ime) and low enough (capillary-dominated regime), grav ity effect  can be 
neglected. Heterogeneities  are unrelated to the lower displacement efficiencies caused by the low flow 
rates and low fractional flow of CO2[14].Additionally, slightly changes in cap illary  force  which might be 
caused by heterogeneity lead to strong variation in the saturation [12]. 
Capillary (Ca) and Gravity (Gr) numbers dominate patterns and the amount of trapped CO2.The 
Capillary number is defined as Ca=v GP /V where v is the average pore-scale velocity of the displacing 
flu id and V is the IFT. The Gravity number represents the effects of gravity versus viscous forces and is 
defined as Gr = JNU' /v GP . An estimate for permeability is obtained from a simple relat ionship, k = MG , where M  is porosity .For Gr >10 or Gr <0.1, the trapping behavior is independent of Ca. In h igh Gr 
cases, most of the injected CO2 separate as fingers and reach the cap-rock due to gravity separation. When 
the Gr is small, cap illary force trap most of the injected CO2 since high viscous forces allow more 
horizontal spreading, making CO2 less available for g ravity separation and trapping due to division. When 
Gr is moderately high (on the order of 1), trapping behavior is heavily  dependent on the Ca. For 
Ca<0.001, capillary force t rap a significant amount of in jected CO2 as capillary force dominate the 
buoyancy. For Ca>0.001, trapping is relatively small since buoyancy dominate capillary force. [15].  
The increased capillary-trapped scCO2 saturations attributed to decreased wettability. Wettability 
alteration by scCO2 makes predicting hydraulic behavior more challenging than for less  reactive fluids. 
Thus the time of scCO2 remain  in pore may be an important factor in altering wettability of silica surfaces , 
because scCO2 will enter silica-rich reservoirs more easily than expected due to decreased wettability and 
will later be stored through capillary trapping at fairly high residual saturation [ 16 ].Additionally,  
Carbonates lead to less capillary trapping of scCO2 than sandstone and this also appears with gCO2 since 
the carbonate system appears to be more water-wet [11]. 
4. Conclusions 
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As the above discussion, factors affected the stresses may induce CO2 leakage, and the sites with 
various caprock lithology should be chosen carefully to avoid destruction. Meanwhile, capillary-trapped 
scCO2 saturations and capillary force which main ly decided the capillary trapping efficiencies could be 
influenced by different interaction factors, and these changes will affect the physical condition of 
reservoir. Thus further variation of trapping efficiencies may be induced. 
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